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Tethered Satellite System
Dynamics and Control Review Panel
Final Report For Phases 1 & 2

1. INTRODUCTION

The Tethered Satellite System (TSS) Dynamics and Control
Review Panel (DCRP), also called the "Blue Ribbon Panel" was
established in early 1987. Its purpose was to conduct a
thorough and independent review of the performance,
dynamics, control and mission safety aspects of flying the TSS
onboard the Shuttle. This purpose was to be accomplished
through completion of three tasks:

1. Review/assess TSS dynamics and control work being
-performed by the prime contractor and other
organizations supporting the TSS analysis effort;

2. Report on the adequacy and completeness of the
present ongoing effort;

3. Report findings concerning the need for additional
modeling, simulation, ground/space experimentation
and/or theoretical work in the field of dynamics and
control.

These tasks were to be performed by planning and conducting
a series of panel meetings. These meetings would bring
together the TSS Project engineers, the analysis groups and the
design groups to overview the project and to describe the
ongoing activities of each group. After completion of the
meetings the panel members would provide comments to the
panel chairman who would report findings to the TSS Project



. Manager and other cognizant MSFC Officials including the MSFC
center director.

2. PANEL MEMBERS

The members of the panel were selected from well known
experts in dynamics, control and space systems including
university faculty, industrial leaders and a former astronaut.
These people had no previous connection to the tethered
satellite project or related activities. @ They had years of
experience in the aerospace field and could be objective in
their assessment of the state of the TSS project. Five persons
were selected to serve on the panel under Dr. H. Eugene Worley
of Control Dynamics Company (CDy) who would serve as the
chairman. The members of the panel are listed below:

1. Dr. Owen Garriott, independent operations consultant
. (former astronaut, now a Vice President with

Teledyne-Brown Engineering);

2. Dr. Leonard Meirovitch, Virginia Polytechnic
Institute and State University;

3. Dr. Jerrell R. Mitchell, Ohio University;
4. Dr. Daniel DeBra, Stanford University;
5. Mr. Gilbert L. Roth, Safety, NASA Headquarters.
3. PANEL MEETINGS AND ACTIVITIES
The first meeting of the DCRP was held on March 20, 1987

at CDy. The agenda of the meeting is included as appendix A of
this report. Several presentations were made to the panel:



Introduction and Charge to the Panel -- Chairman;
Orientation to TSS Project -- MSFC;

Dynamics Working Group Introductions -- MSFC;
Dynamics and Control -- MMDA;

Dynamics and Control -- SAOQ;

Dynamics and Control -- JSC;

Dynamics and Control -- MSFC.
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These presentations were made by personnel from CDy, Martin
Marietta Denver Aerospace (MMDA), Smithsonian
Astrophysical Observatory (SAO), Johnson Space Center (JSC)
and Marshall Space Flight Center (MSFC). A speaker was
scheduled from Aeritalia/Piano Spaziale Nazionale (AIT/PSN)
but was unable to attend.

Thirty five people attended the first panel meeting. They
came primarily from the organizations listed above. The list of
meeting attendees is included as appendix B.

Minutes of the first meeting are included as appendix C.

The second meeting of the DCRP was held on June 24 and
25 at CDy. The agenda of this meeting is contained in this

report in appendix D. The presentations made to the panel are
listed below:

Introduction and Review of Charge to Panel Members;
Description of TSS Satellite Design -- PSN/AIT;
Simulation/Validation Focus -- MSFC;

TSS Simulation/modeling Status -- MSFC;

TSS Dynamics and Control Simulaton Studies -- SAO;
Shuttle Engineering Simulation -- JSC;

TSS Program Requirements/Objectives -- MMDA;
Baseline Mission Profile -- MMDA;

TSS Control System Description -- MMDA,;

10 Description of Simulation/Analysis Tools -- MMDA;
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11. Simulation/Analysis Results -- MMDA;
12. Review of Key Issues from Previous Meeting.

Thirty six people attended the second panel meeting. The list
of attendees is provided in Appendix E.

The first two panel meetings are reviewed and summarized
in the presentation viewgraphs contained in appendix F. This
presentation was given to the MSFC TSS Project office on July 7,
1987. Weaknesses were pointed out in Operations, System,
Subsatellite. The panel was then tasked to develop
recommendations on what needs to be done to put the TSS
Dynamics and Controls "house" in order.

In addition to the panel meetings, several other activities
contributed to the findings of the panel. The panel chairman
Dr. H. Eugene Worley and panel member Dr. Jerrell .R. Mitchel,
an expert in aerospace control systems, traveled to the MMDA
facilities at Denver, Co to discuss in greater detail the TSS
control system design and to review the TSS hardware test
facilities.  Additional presentations were made to TSS Project
and MSFC Center management. A status review was given to
the TSS Project people on September 1, 1987. This review
addressed the panel formation, makeup and previous activities.
A copy of this status review is provided in Appendix G.

A second review of panel activities was présentcd to the
Deputy TSS Project Manager in preparation for travel by the
panel chairman to Venice, Italy to attend the Second
International Conference on Tethers in Space in early October
1987. This served as the dry run of a briefing to be given to
AIT/PSN. The briefing charts are included as appendix H.
After the conference Dr. Worley traveled to Turin to the
Aeritalia plant where the TSS1 satellite is being built. There he
briefed the Italians on the work of the panel and was briefed
in return on satellite status.



4. CHRONOLOGY OF EVENTS

The activities of the Tethered Satellite System Dynamics
and Control Review Panel including those leading up to its
formation are summarized in the following chronology:

1986 Panel activities

Pre-panel Contract Discussions
Panel Members Selected

1987 Panel activities

First Panel Contract Initiated

Planning for First Panel Meeting

First Panel Meeting .

Presention of Results of First Panel Meetfng
(Viewgraphs in appendix G)

Plan second panel meeting

Visit to MMDA facilities, Denver, Co

Conduct second panel meeting

Second panel meeting report

Presentation of 2nd panel mtg results
(Viewgraphs in appendix H)

DCRP Review -

Venice Tether Conference

Visit to Aeritalia facility by Panel Chairman

DCRP Presentation to Aeritalia

Final Presentation and Recommendations
(Viewgraphs in appendix K)

5. PANEL CONTINUATION ACTIVITIES

11- 5-86
11-18-86
2- 2-87
3-10-87
3-20-87
3-31-87
6- 3-87
6-24-87
7-27-87
9- 1-87
4 - 8 Oct 1987
10-12-87
10-12-87
11-23-87

After completion of the original panel activities, additional

tasks ‘were assigned to Control Dynamics.

These tasks

continued the spirit of the DCRP panel activity with an



extension into modeling and analysis of specific problem areas
of the system. Greater emphasis was to be placed on analysis
and closer support of the analytical work being done at the
MSFC S&E Directorate. In this phase, limited funding was
available to investigate satellite pendulous motion and the so-
called skiprope mode. Pendulous motion of the satellite may
result from on-orbit disturbances including normal operation of
the tether and satellite controllers. As the satellite is reeled in
during retrieval, the tension in the tether which results from
gravity gradient forces on the satellite decreases. This tension
provides the restoring moment on the satellite keeping it in its
proper alignment. As the tension decreases, the amplitude of
oscillations increase so that potentially, these pendulous
oscillations could become excessive in the final stages of
retrieval. To study this phenomenon, it was necessary to
enhance our tethered satellites simulation program TSSIM by
including rigid body dynamics of the end bodies. The existing
version treated point end masses. Funding of this stage of
work was insufficient to complete this study as other tasks
such as the control system review took priority. This study
effort will be continued during the next phase of our work.

The chronology of the second phase of our work is detailed
below:

1988 Panel activities

Initiate second panel contract 3 -1-88
TSS Dynamics and Control Review at MSFC 7-26-88
Attend Technical Briefings, TSS Quarterly Rvw 9 - 10 Aug 88

1989 Panel activities

Improvements to TSSIM March 1988 - April 1989
Attend TSS D & C Readiness Review 27 Feb - 1 Mar 1989
Initiate third panel contract 5- 1-89



6. PANEL ACCOMPLISHMENTS AND CONCLUSIONS

The DCRP accomplished several things during its first period
of performance. The various dynamics and controls disciplines
of the tether program were brought together for the first time
and their activities began to be coordinated. Much of the TSS
controls "folklore and legend"” began to be written down and
organized making it more readily available for review. It was
not readily apparent how TSS Control System requirements
flowed down to affect the actual design of the deployer system
dynamics and control components. Much of the control system
description existed either in computer code or in the memory
of senior MMAG dynamicists. Very little documented
traceability existed. Block diagrams depicting the design of the
control system began to make an appearance, although
reluctantly. A verification/validation process for the primary
dynamics simulation tools got underway in earnest. The TSS
community began to get its arms around the dynamics and
controls problems and verify that solutions were in hand or
problem areas were being identified and investigated.

During the second phase of the panel activity additional
tasks were begun. MMAG began a redesign of the TSS deployer
control system. No additional panel meetings were held or
planned. Provisions were made on a contingency basis to reach
individual panel members as consultants if need but none were
required during the second phase. The tethered satellites
simulation program TSSIM in use at Control Dynamics was
modified to take additional dynamic effects into account. Rigid
body dynamics of the endbodies was added to study satellite
pendulous motions. A model of the Earth's magnetic field was
also added so that Lorentz forces acting on a tether carrying a
current could be studied. This was in preparation for a review
of the excitability of the so-called skiprope mode of tether
motion. Beside making modifications to the simulation and
studies of dynamic response of the system, we also participated



in an extensive TSS dynamics and control review in
February/March 1989 at the MMAG facility in Denver. A
thorough review of the system was conducted with numerous
review item discrepancies (RID's) generated.

The thorough review and organization activity brought
about by the panel and panel activities have been a major
factor in getting the TSS Project back on track in the dynamics
and controls areas. Much work remains to be done and now is
not the time to relax. The major test phases remain and need
to be followed closely and critically to assure the important
features of the system are completely validated. Analytical
investigations must continue and be intensified to quantify the
problems and develop solutions for such effects as the skiprope

mode and satellite pendulous motion. Verification and
validation of the analysis tools must continue to have high
emphasis. This is especially true in the area of tether

dynamics. Several independent simulations of tether dynamics
are currently being used to study system behavior. These
should be continued and cross compared to investigate tether
phenomena.

Finally, serious consideration should be given to planning
and conducting a third meeting of the Dynamics and Control
Review Panel to evaluate the progress of efforts to date in the
thirty or more months since the panel last met. The purpose of
this meeting would be to review the current status of flight
preparations such as tests and analyses, to make an
independent assessment of the adequacy of the ongoing efforts
and to provide inputs to the TSS Project management with
regard to readiness of the system for flight.
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TSS DYNAMICS AND CONTROL REVIEW PANEL
FRIDAY MARCH 20, 1987
PRELIMINARY AGENDA
WELCOME AND NASA OBJECTIVES
INTRODUCTION AND CHARGE TO PANEL
ORIENTATION TO TSS PROJECT
BREAK
DYNAMICS WORKING GROUP INTRODUCTIONS
MMDA DYNAMICS AND CONTROL
LUNCH
SAO DYNAMICS AND CONTROL
JSC DYNAMICS AND CONTROL
BREAK
MSFC DYNAMICS AND CONTROL
PSN/AIT DYNAMICS AND CONTROL

DISCUSSION - CONCLUDING REMARKS
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MMDA -

MARTIN MARIETTA

MSFC - MARSHALL SPACE FLIGHT CENTER

PLAN

PSN - PIANO SPAZIALE NAZIONALE (NATIONAL SPACE RROGR#EM)

SAO - SMITHSONIAN ASTROPHYSICAL OBSERVATORY

NASA MGMT
CHAIRMAN

MMDA

DWG CHAIRMAN

MMDA
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Minutes
of |
Tethered Satellite System Dynamics and Control Review Panel
First Panel Meeting
March 20, 1987

Control Dynamics Company
Huntsville, Alabama

The first meeting of the Tethered Satellite System (TSS) Dynamics
and Control Review Panel meeting was held on Friday March 20, 1987 at
the facilities of Control Dynamics Company in Huntsville, Alabama.
Approximately thirty (35) persons from NASA, Academia and Industry
attended the meeting. TSS Panel Members in attendance were Dr. Jerrell
Mitchell of Ohio University, Dr. Norris Krone of NASA Headquarters, Dr.
Dan DeBra of Stanford University, Dr. Leonard Meirovitch of Virginia
Polytechnic Institute and State University, and Dr. H. Eugene Worley of
Control Dynamics Company (Chairman). Dr. Owen Garriott, the other
Panel member, was unable to attend because of prior commitments. The
meeting attendance list is included as Attachment B to this note. The
meeting Agenda is included as Attachment C. (Some changes to the 4
agenda were adjusted to real-time developments.) The welcome address
was given by Mr. Sidney Saucier of NASA/Marshall Space Flight
Center(MSFC). He stressed the importance of the panels activity to the
eventual success of the TSS project in general and to the first flight in
particular. The meeting was then turned over to Dr. Worley who
reviewed the charge to the Panel and introduced the order of business.

The first presenter, Mr. Jayson Cowley, represented Martin Marietta
Denver Aerospace (MMDA). He gave the Panel an overview of the TSS
Project from a MMDA perspective with a description of the hardware,
schedule, and the status. This presentation stimulated much discussion
and many questions regarding the current configuration and how this
configuration was driven by requirements and effected by history.
There was a side discussion regarding the place and applicability of



schedule, and the status. This presentation stimulated much discussion and
many questions regarding the current configuration and how this
configuration was driven by requirements and effected by history. There
was a side discussion regarding the place and applicability of Safety
Reviews and the applicability of these reviews to this panels activities. It
1s the opinion of the Chairman that these discussions were outside the
scope of the Panel activities. Any actions to the contrary should be
addressed at the next meeting.

Next Mr. Keith Mowery of MSFC introduced the TSS Dynamics and
Working Group with a brief discussion of their activities. Other dynamics
and controls activities from a MSFC perspective were presented by Mr.
Zachary Galaboff.

Dr. Carl Bodley of MMDA was the next presenter. He discussed MMDA
TSS activities in the dynamics and controls areas. Because of the limited
time available for Dr. Bodley, his presentation was necessarily limited to
just presenting the bare essentials. There were many questions and
comments from the Panel, of course, regarding this presentation. Itis
expected that this subject will be a major item at the next meeting.

Next Dr. Dave Armold of the Smithsonian Astrophysical Observatory
(SAQ) gave a brief overview of their analytical work in the TSS area. He
indicated that there was some disagreement between his work and that of
other investigators. The Panel would like to give SAO an opportunity to
discuss in detail their work at the next Panel meeting,

M. Gary Graybeal and Mr. Claude Nicollier of NASA/ISC described the
dynamics and controls activities ongoing at the Johnson Space Center (JSC)
with particular emphasis on the Shuttle Engineering Simulator (SES). Their
work addresses the problem primarily from the astronaﬁt perspective with
emphasis on close-in recovery techniques and attendant astronaut safety.

The Panel is particularly interested in the underlying assumptions and



dynamic models contained in the SES. The references to performance of
the system in the presence of slack tethers must be viewed in the light of
the dynamic modeling of the slack tether. JSC then presented an
interesting twenty minute movie showing some of their graphical
simulation results on the SES facility depicting the final six hundred (600)
feet of the tethered satellite retrieval.

The meeting was adjourned with a discussion of the next meeting to
be held toward the later part of MAY. {Subsequent discussions have
changed the date of this meeting to June 24 and 25). Each of the Panel

Members were asked to submit written comments to the Panel Chairman

as soon as possible.




APPENDIX D

SECOND PANEL MEETING AGENDA
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APPENDIX E

SECOND PANEL MEETING ATTENDEES LIST
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APPENDIX F

PRESENTATION SUMMARIZING FIRST TWO PANEL
MEETINGS
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APPENDIX G

STATUS PRESENTATION OF PANEL ACTIVITIES AND
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APPENDIX K

FINAL PRESENTATION AND RECOMMENDATIONS
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Length vs Time
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In Plane Angle vs Time
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out of Plane Angle vs Time
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